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Summary of Contributions

We have developed a framework for a natural 
language interface to an unmanned aerial vehicle:

• Parser handles over 100 ATC commands (text input)
• Discourse manager interacts with the user and interprets 
commands at a higher level than individual sentences
• Simulation environment is modeled on an actual airport 
(Laurence G. Hanscom Field in Bedford, MA)
• Graphical user interface allows real time interaction with aircraft
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• Background and Motivation
• Suitability of ATC for NLP
• Our System:

– Overall Structure
– Preprocessor
– Sentence Parser
– Discourse Manager
– Airport/Airplane Modeling

• Demos
• Future Work
• Acknowledgements
• References 
• Questions
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Background and Motivation

• Increased complexity in ATC has lead to efforts to automate the 
process. Automation in ATC increases efficiency, but it also raises 
questions about adequate human control over the automated 
systems. As a consequence, significant amount of research has been 
focused on the technology that builds on the human strengths and 
compensates for human vulnerabilities [Wicken 98].

• Churcher et al. intended to use speech recognition technology to 
automatically transcribe certain, essential parts of transmissions 
between the air traffic control (ATC) and airborne pilots
[Churcher 96]. 

– 30% accuracy was achieved with an off the shelf IBM speech recognizer

– 70% accuracy was achieved with enhanced contextual information
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Motivation – UAV Control

• Current UAV control schemes
– Are low-level and relatively unintuitive
– Require a high degree of human supervision
– Are poorly suited to multiple UAV-operations

• Natural language control
– Is high-level and intuitive
– Requires relatively little human supervision
– Is useful for multiple UAVs
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Suitability of ATC for NLP

• Limited vocabulary and domain of discourse 
• Compact and standard syntactical structure aids in 

parsing efficiency and accuracy
• Task-oriented nature of air traffic control makes 

intentional inference possible
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Structure of the Interface
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Structure of the Interface

• Modular: allows multiple collaborators to work 
together

• Aids in troubleshooting
• Makes further optimization/future replacement 

of modules easier 
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Preprocessor/C++ Wrapper

Converts input to proper form for Lisp parser, and converts 
output to proper form for C++ modules:

• Converts uppercase letters to lowercase

• Converts punctuation to spaces

• Inserts $ before numbers

• Expands contractions

• Runs Lisp parser in the background
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The Sentence Parser

• Based on the Earley context free parser
• Recognizes sentence structures derived from a 

corpus of actual air traffic control exchanges at 
Boston's Logan Airport and Laurence G. Hanscom
Field in Bedford, MA

• Converts sentences to verb templates
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The Sentence Parser

; Replace "clear to <vp>" with "you <vp>" 
(add-rule-sem '(s ==> clear to vp) '(lambda (a1 a2 a3) (funcall a3 
'you)))

;takeoff on? <rw> 
(add-rule-sem '(v+args ==> takeoff on? rw) '(lambda (a1 a2 a3) `(lambda 
(subj) (print-template `(takeoff :on ,',a3 :agent ,subj)))))

(add-rule-sem '(rw ==> runway some-number) '(lambda (a b) `(runway :num 
,b))) 

(add-rule-sem '(rw ==> some-number) '(lambda (a) `(runway :num ,a)))

(add-number 'twoniner '$29 '29)

sentence: "clear to takeoff runway twoniner"
[OUTPUT] (takeoff :on (runway :num 29) :agent you)
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The Sentence Parser

sentence: "clear to land"
[OUTPUT] (land :agent you)

sentence: "clear to land runway five"
[OUTPUT] (land :on (runway :num 5) :agent you)

sentence: "clear to land runway five left"
[OUTPUT] (land :left (runway :num 5) :agent you)

sentence: "clear for landing runway twoniner"
[OUTPUT] (land :on (runway :num 29) :agent you)

May overgenerate (parse nonsensical sentences)
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The Discourse Manager

• Performs semantic interpretation on verb 
templates generated by the parser

• Resolves any ambiguities in commands by 
referring to the current system state and 
dominant intention

• Analyzes consecutive commands for consistency
• Updates the database or generates a response to 

the user depending on the request and the 
context of the request



Laboratory
for 

Information 
and Decision

Systems

The Discourse Manager
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Airport/Aircraft Database

• Contains states of the airport and all aircraft being controlled

• Consulted and updated by the discourse manager

• Airport model based on Laurence G. Hanscom field; modeled as a set of 
points and an adjacency matrix

• Airport state includes takeoff and landing priority queues

• Airplanes modeled as C++ objects with states such as position, altitude, and 
speed

• Airplanes can query one another’s positions to avoid collisions

• Airplane states include status flags to indicate current activity

• Previous airplane state is maintained in order to facilitate command 
cancellation and implicit references
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Demo 1 – Taxi and Takeoff
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Demo 2 - Landing
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Demo 3 - Taxiway Conflict

The third scenario involves 2 aircraft (Alaska and Boeing) who both need to cross the same 
intersection. The controller had previously told Alaska (shown here in red) to hold for 
Boeing (meaning Alaska has a lower priority). 

Controller: Alaska, hold for the Boeing.
Alaska: Roger. 

If they should both reach the intersection at about the same time, Boeing (shown here in 
orange) will wait until Alaska passes.
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Demo 4 - Controller Error
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Future Work

There is a great potential for improvements and expansions in 
this area, including

• Integration of optimal path planning algorithms for aircraft in
flight

• Multiple-aircraft interface

• Cooperative control strategies for multiple-aircraft operations

• More sophisticated discourse manager - time-sensitive 
discourse, improved intentional inference

• Hardware implementation
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Valid Sentences

sentence: "altimeter six"
[OUTPUT] (altimeter :value (6) :agent you)

sentence: "cancel that"
[OUTPUT] (undo :agent you)

sentence: "change of plans"
[OUTPUT] (undo :agent you)

sentence: "change speed to six"
[OUTPUT] (setspeed :goal (6) :agent you)

sentence: "change speed to six knots"
[OUTPUT] (setspeed :goal (6) :agent you)

sentence: "checkin at five o^clock"
[OUTPUT] (checkin :time (timevalue :at 5) :agent you)

sentence: "checkin in five minutes"
[OUTPUT] (checkin :time (timevalue :in 5) :agent you)

sentence: "clear for takeoff"
[OUTPUT] (enable-takeoff :agent you)

sentence: "clear the runway"
[OUTPUT] (leave :goal (runway) :agent you)
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Valid Sentences

sentence: "clear the taxiway"
[OUTPUT] (leave :goal (taxiway) :agent you)

sentence: "clear to land"
[OUTPUT] (land :agent you)

sentence: "clear to land runway five"
[OUTPUT] (land :on (runway :num 5) :agent you)

sentence: "clear to land runway five left"
[OUTPUT] (land :left (runway :num 5) :agent you)

sentence: "clear to takeoff runway twoniner"
[OUTPUT] (takeoff :on (runway :num 29) :agent you)

sentence: "clear for landing runway twoniner"
[OUTPUT] (land :on (runway :num 29) :agent you)

sentence: "clear to runway five"
[OUTPUT] (go :on (runway :num 5) :agent you)

sentence: "clear to taxi to two"
[OUTPUT] (go :on (runway :num 2) :agent you)

sentence: "cleared direct to runway five"
[OUTPUT] (go :on (runway :num 5) :agent you)

sentence: "cleared to runway five"
[OUTPUT] (go :on (runway :num 5) :agent you)
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Valid Sentences

sentence: "climb and maintain three"
[OUTPUT] (climb-maintain :alt (3) :agent you)

sentence: "climb and maintain three feet"
[OUTPUT] (climb-maintain :alt (3) :agent you)

sentence: "contact departure"
[OUTPUT] (setfreq :goal (speaker :name departure) :agent you)

sentence: "contact departure at three"
[OUTPUT] (setfreq :goal (speaker :name departure :freq 3) :agent you)

sentence: "contact ground"
[OUTPUT] (setfreq :goal (speaker :name ground) :agent you)

sentence: "contact ground on five"
[OUTPUT] (setfreq :goal (speaker :name ground :freq 5) :agent you)

sentence: "contact ramp"
[OUTPUT] (setfreq :goal (speaker :name ramp) :agent you)

sentence: "contact ramp on ten"
[OUTPUT] (setfreq :goal (speaker :name ramp :freq 10) :agent you)

sentence: "contact three"
[OUTPUT] (setfreq :goal (speaker :freq 3) :agent you)

sentence: "contact tower"
[OUTPUT] (setfreq :goal (speaker :name tower) :agent you)
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Valid Sentences

sentence: "contact tower on eight"
[OUTPUT] (setfreq :goal (speaker :name tower :freq 8) :agent you)

sentence: "continue on tango"
[OUTPUT] (go :on (taxiway :num tango) :agent you)

sentence: "continue on zulu until runway two"
[OUTPUT] (go :on (taxiway :num zulu) :until (runway :num 2) :agent you)

sentence: "cross runway three at zulu"
[OUTPUT] (cross :road (runway :num 3) :at (taxiway :num zulu) :agent you)

sentence: "cross runway two"
[OUTPUT] (cross :road (runway :num 2) :agent you)

sentence: "cross two"
[OUTPUT] (cross :road (runway :num 2) :agent you)

sentence: "cross two at five knots"
[OUTPUT] (cross :fix 2 :at-speed 5 :agent you)

sentence: "cross two at three feet"
[OUTPUT] (cross :fix 2 :at-altitude 3 :agent you)

sentence: "descend and maintain five"
[OUTPUT] (descend-maintain :alt (5) :agent you)

sentence: "descend and maintain five feet"
[OUTPUT] (descend-maintain :alt (5) :agent you)
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Valid Sentences

sentence: "exit on taxiway tango"
[OUTPUT] (go :on (taxiway :num tango) :agent you)

sentence: "exit the ramp"
[OUTPUT] (leave :goal ramp :agent you)

sentence: "exit the ramp and follow alaska"
[OUTPUT] (leave :goal ramp :agent you)
[OUTPUT] (behind :goal (alaska) :agent you)

sentence: "exit the ramp behind continental"
[OUTPUT] (leave :goal ramp :agent you)
[OUTPUT] (behind :goal (continental) :agent you)

sentence: "expect boeing on tango"
[OUTPUT] (expect :plane (boeing) :on (taxiway :num tango) :agent you)

sentence: "expect three feet five minutes after departure"
[OUTPUT] (lock-altitude :alt 3 :time 5 :agent you)

sentence: "expect traffic on november"
[OUTPUT] (expect :on (taxiway :num november) :agent you)

sentence: "fall in behind the alaska"
[OUTPUT] (behind :goal (alaska) :agent you)

sentence: "follow a continental that is behind a boeing"
[OUTPUT] (behind :goal (continental :behind boeing) :agent you)
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Valid Sentences

sentence: "follow in behind that alaska"
[OUTPUT] (behind :goal (alaska) :agent you)

sentence: "follow that boeing"
[OUTPUT] (behind :goal (boeing) :agent you)

sentence: "follow that boeing ahead to the runway"
[OUTPUT] (behind :goal (boeing) :agent you)
[OUTPUT] (go :on (runway) :agent you)

sentence: "follow that continental directly ahead of you"
[OUTPUT] (behind :goal (continental :ahead you) :agent you)

sentence: "follow the boeing from your left"
[OUTPUT] (behind :goal (boeing :left you) :agent you)

sentence: "get behind the continental"
[OUTPUT] (behind :goal (continental) :agent you)

sentence: "give way to boeing"
[OUTPUT] (behind :goal (boeing) :agent you)

sentence: "give way to the boeing"
[OUTPUT] (behind :goal (boeing) :agent you)

sentence: "go november"
[OUTPUT] (go :on (taxiway :num november) :agent you)
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Valid Sentences

sentence: "go straight down tango"
[OUTPUT] (go :on (taxiway :num tango) :agent you)

sentence: "hold five"
[OUTPUT] (hold-heading :heading (heading :to 5) :agent you)

sentence: "hold for the continental"
[OUTPUT] (behind :goal (continental) :agent you)

sentence: "hold heading five"
[OUTPUT] (hold-heading :heading (heading :to 5) :agent you)

sentence: "hold short"
[OUTPUT] (hold-short :agent you)

sentence: "hold short of runway three on tango"
[OUTPUT] (hold-short :of (runway :num 3) :on (taxiway :num tango) :agent you)

sentence: "hold short of taxiway zulu"
[OUTPUT] (hold-short :of (taxiway :num zulu) :agent you)

sentence: "hold short of zulu for spacing"
[OUTPUT] (hold-short :of (taxiway :num zulu) :agent you)

sentence: "hold short of zulu for the continental"
[OUTPUT] (hold-short :of (taxiway :num zulu) :for (continental) :agent you)
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Valid Sentences

sentence: "intercept five"
[OUTPUT] (intercept :patient 5 :agent you)

sentence: "let the boeing turn in front of you"
[OUTPUT] (behind :goal (boeing) :agent you)

sentence: "maintain four feet"
[OUTPUT] (maintain :alt (4) :agent you)

sentence: "maintain four feet at departure"
[OUTPUT] (maintain :alt (4) :when on-departure :agent you)

sentence: "maintain heading of four"
[OUTPUT] (maintain :heading 4 :agent you)

sentence: "maintain this frequency"
[OUTPUT] (nop :agent you)

sentence: "monitor four"
[OUTPUT] (setfreq :goal (speaker :freq 4) :agent you)

sentence: "monitor ground"
[OUTPUT] (setfreq :goal (speaker :name ground) :agent you)

sentence: "monitor ramp"
[OUTPUT] (setfreq :goal (speaker :name ramp) :agent you)

sentence: "monitor tower"
[OUTPUT] (setfreq :goal (speaker :name tower) :agent you)
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Valid Sentences

sentence: "move ahead"
[OUTPUT] (move :agent you)

sentence: "move ahead before the boeing"
[OUTPUT] (move :agent you)
[OUTPUT] (ahead :goal (boeing) :agent you)

sentence: "move as soon as you can"
[OUTPUT] (move :agent you)

sentence: "on departure maintain five"
[OUTPUT] (maintain :alt (5) :when on-departure :agent you)

sentence: "on departure maintain five feet"
[OUTPUT] (maintain :alt (5) :when on-departure :agent you)

sentence: "position and hold"
[OUTPUT] (position :agent you)
[OUTPUT] (hold :agent you)

sentence: "remain on ten"
[OUTPUT] (setfreq :goal (speaker :freq 10) :agent you)

sentence: "remain this frequency"
[OUTPUT] (nop :agent you)

sentence: "right in front of the continental"
[OUTPUT] (move :agent you)
[OUTPUT] (ahead :goal (continental) :agent you)
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Valid Sentences

sentence: "straight ahead on zulu"
[OUTPUT] (go :on (taxiway :num zulu) :agent you)

sentence: "straight on to runway three"
[OUTPUT] (go :on (runway :num 3) :agent you)

sentence: "straight on to zulu"
[OUTPUT] (go :on (taxiway :num zulu) :agent you)

sentence: "taxi ahead"
[OUTPUT] (move :agent you)

sentence: "taxi ahead on zulu"
[OUTPUT] (go :on (taxiway :num zulu) :agent you)

sentence: "taxi into position and hold"
[OUTPUT] (position :agent you)
[OUTPUT] (hold :agent you)

sentence: "taxi quebec"
[OUTPUT] (go :on (taxiway :num quebec) :agent you)

sentence: "taxi to position and hold"
[OUTPUT] (position :agent you)
[OUTPUT] (hold :agent you)

sentence: "taxi to runway three via zulu"
[OUTPUT] (go :on (runway :num 3) :via (taxiway :num zulu) :agent you)
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Valid Sentences
sentence: "taxi via taxiway tango"
[OUTPUT] (go :via (taxiway :num tango) :agent you)

sentence: "the boeing is going in front of you"
[OUTPUT] (behind :goal (boeing) :agent you)

sentence: "then runway three"
[OUTPUT] (go :on (runway :num 3) :agent you)

sentence: "then zulu"
[OUTPUT] (go :on (taxiway :num zulu) :agent you)

sentence: "turn heading three"
[OUTPUT] (turn :heading (heading :to 3) :agent you)

sentence: "turn left five degrees"
[OUTPUT] (turn :heading (heading :left 5) :agent you)

sentence: "turn left five degrees to heading ten"
[OUTPUT] (turn :heading (heading :left 5 :to 10) :agent you)

sentence: "turn left to heading three"
[OUTPUT] (turn :heading (heading :left unknown :to 3) :agent you)

sentence: "turn three"
[OUTPUT] (turn :heading (heading :to 3) :agent you)

sentence: "turn to heading three"
[OUTPUT] (turn :heading (heading :to 3) :agent you)

sentence: "you are following a continental"
[OUTPUT] (behind :goal (continental) :agent you)
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Valid Sentences
sentence: "you are going to encounter a cessna"
[OUTPUT] (expect :plane (cessna) :agent you)

sentence: "you are going to see an alaska behind a boeing"
[OUTPUT] (expect :plane (alaska :behind boeing) :agent you)

sentence: "you are going to see an alaska"
[OUTPUT] (expect :plane (alaska) :agent you)

sentence: "you are number five"
[OUTPUT] (set-priority :new (priority :num 5 :event unknown) :agent you)

sentence: "you are number five behind a cessna"
[OUTPUT] (set-priority :new (priority :num 5 :event unknown :behind cessna) :agent you)

sentence: "you are number five for landing"
[OUTPUT] (set-priority :new (priority :num 5 :event landing) :agent you)

sentence: "you are number five for landing behind a boeing"
[OUTPUT] (set-priority :new (priority :num 5 :event landing :behind boeing) :agent you)

sentence: "you are number five for takeoff"
[OUTPUT] (set-priority :new (priority :num 5 :event takeoff) :agent you)

sentence: "you are number five for takeoff behind a cessna"
[OUTPUT] (set-priority :new (priority :num 5 :event takeoff :behind cessna) :agent you)

sentence: "you are number five to go"
[OUTPUT] (set-priority :new (priority :num 5 :event unknown) :agent you)


